A previous experiment in the National Spherical Torus Experiment (NSTX) showed pre-discharge lithium deposition gradually suppresed edge-localized modes (ELMs) and had nearly continuous relationships with reduced recycling and transport. In this paper, additional data filled gaps in the earlier experiment, and demonstrates that recycling, confinement, and pedestal structure continued to improve with additional lithium, even after ELMs were completely suppressed. New analysis shows that toroidal rotation and ion temperature also increased continuously with additional lithium. Besides its evolution with additional lithium, we also characterize the time evolution of the ELM-free H-mode pedestal as average density rose and impurities accumulated. We find that the pedestal structure, divertor heat flux and Dalpha profiles, and inferred recycling coefficient did not change significantly, at least until radiative losses become dominant. This suggests that the low-recycling properties of lithium were not significantly degraded over the duration of the discharge.
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Introduction
Lithium has attracted significant interest as a plasma-facing material, both for its potential as a low-Z liquid metal and for its property of bonding hydrogenic species and reducing plasma recycling [1] . Lithium wall conditioning in the National Spherical Torus Experiment (NSTX) [2] was motivated by improved performance in previous experiments [3, 4] . The success of lithium coatings is evident in their steadily increased use [5] [6] [7] to the point of being used in the majority of NSTX discharges. Improvements in performance following lithium coatings included increased discharge duration and confinement and achievement of high-confinement (H-mode) discharges in which edge-localized mode (ELM)
instabilities were completely suppressed [5] [6] [7] [8] [9] [10] . Despite greatly improved confinement and steady divertor power loads, these ELM-free H-mode discharges are not considered a model for future devices because they continuously accumulated carbon impurities that would normally be ejected periodically by ELMs. In addition, nearly all NSTX H-mode discharges demonstrated an increase in average density with time, though it increased more slowly with lithium coatings. However, it may be possible to overcome these limitations with methods such as pulsed 3-D fields [11, 12] or the "snowflake" divertor configuration [13] .
This paper combines data from several experimental runs: an experiment where predischarge lithium coatings gradually increased from 0-930 mg over 22 H-mode discharges, and two short, more recent experiments where lithium deposition varied from 430-570 mg over 7 total H-mode discharges. Elements of the first experiment have been described previously [8, 9, [14] [15] [16] [17] [18] [19] ; it was the first experiment to use the upgraded dual evaporator LITER lithium deposition system [8, 10] and began with an entirely lithium-free baseline. In that experiment, medium triangularity (δ~0.5) discharges with lithium coatings >400 mg and neutral beam power P NBI = 4 MW reached global stability limits and disrupted at ~0.3s.
Heating power was reduced over the next few discharges until a sustained discharge was attained with P NBI = 2 MW. Thus the more recent discharges with P NBI = 1.2-3 MW were necessary to fill in the gap between 350-715 mg of Li. Unlike the first set of experiments, these discharges were performed with significant quantities of passivated lithium already in the vacuum vessel and did not use helium glow discharge cleaning between shots.
Previous work has reported on many aspects of the original lithium scan: the gradual suppression of ELMs [9] , the stabilization of kink/peeling modes that cause ELMs [14] , the continuous reduction in transport at the pedestal top [15, 16] , the systematic modification of the pedestal profiles [17] , and the continuous evolution of recycling and confinement with increasing lithium deposition [18, 19] . However, the effect of additional lithium beyond the point of ELM suppression on plasma profiles and performance was not determined due to the gap in the original data. Questions also remained about the pumping persistence of the lithium coatings under the deuterium fluence of an extended discharge.
In section 2 of this paper, we characterize the evolution of ELM-free discharges with varying pre-discharge lithium deposition. With the addition of the newer data and new analysis of the ion profiles, we demonstrate that the global and pedestal parameters continued to improve with additional lithium, even after ELMs were completely suppressed.
In section 3,
we analyze the temporal evolution of these discharges as average density rose and impurities accumulated. We find that the pedestal structure, divertor heat flux and D α emission profiles, and inferred recycling coefficient did not change significantly, at least until radiative losses become dominant. In section 4, we discuss the implications and questions raised by these results.
Evolution with increasing lithium
Previous work [18, 19] showed that global indicators of recycling decreased and performance increased nearly continuously with increasing lithium deposition. In Figure 1 , inclusion of the new data with 400-600 mg of Li shows that these trends continued with additional lithium even after ELMs were completely suppressed. Panels power dependence is accounted for by using the scaled H97L confinement factor [20] , which increased continuously with lithium deposition in panel (d).
The improvement in global confinement with increasing lithium deposition was closely related to a higher pressure pedestal, which itself reflected a number of changes in the pedestal structure. The pedestal structure is quantified using the fitting parameters of the modified hyperbolic tangent (mtanh) function, while profile values at fixed values of normalized poloidal flux (ψ N ) come from spline fits. Details of the pedestal analysis methods can be found in previous work [17] . ELM suppression with lithium coatings was shown to coincide with a shift of the density pedestal away from the separatrix, as well as significant increase in its width. By shifting the peak density gradient away from the separatrix, lithium reduced the bootstrap current at the edge (where it had the largest effect on stability), suppressing ELMs [14, 17] . With inclusion of the additional data in Figure 2 (a-b), it is now apparent that the density pedestal shifted and widened continuously with increasing lithium deposition, even after ELMs were completely suppressed. Just as in the earlier work, there was no significant trend in the temperature pedestal width or symmetry point (not shown), so the pressure pedestal (also not shown) mostly followed the same trend as the density. did not systematically change, electron temperature T e and pressure p e increased nearly continuously, even after ELMs were suppressed. While the changes in pedestal structure and increases in total pressure and stored energy were dominated by the electrons, the ion profiles also showed continuous dependence on lithium deposition -again, even after ELMs were completely suppressed. Figure 2 (e-g) shows that ion density n i decreased with increasing lithium, while toroidal rotation v tor and ion temperature T i increased. Much of the scatter in the data -rotation especially -was due to variations in beam power. These data are from the pedestal top, but the same trends continued near the edge (ψ N =0.95). The trends in n i and T i partly canceled, causing ion pressure p i to increase with lithium at the pedestal top in Figure   2 (h) and decrease with lithium near the edge (not shown). As the changes to the p i profile were similar to the changes in p e , only smaller in magnitude, trends in the total pressure pedestal mirrored those in p e .
Evolution with time
A key part of understanding how lithium affects the plasma is to determine how its effects change with time. As the discharge continues and the impinging deuterons bond with lithium, less unbound lithium remains. In principle, the lithium could saturate as the total fluence increases, in which case recycling would increase with time. This effect was not seen in this experiment. Figure 3 compares D α measurements in a pre-Li ELMy discharge (black) and a with-Li ELM-free discharge. These measurements were made using an absolutely calibrated filtered 1-D CCD camera [21] . While D α emission increased with time in the ELMy discharges, it was nearly constant or decreased slightly in the ELM-free discharges.
In addition to recycling, D α emission is dependent on scrape-off layer (SOL) density and temperature, which could have evolved with time as average density and radiated power increased, as seen in Figure 4(a-b) . However, Figure 4 (c-e) shows that the variation of the pedestal parameters with time was relatively small, both near the top (ψ N =0.8, solid) and near the edge (ψ N =0.95, dashed). Despite a near doubling of line-averaged density and large increases in radiated power, at the pedestal top density increased and temperature decreased only ~20%. At the edge, density actually decreased and temperature increased, neither of which are consistent with an increase in recycling.
To quantitatively determine the time evolution of the divertor recycling coefficient, SOLPS interpretive modeling [22] was employed; details of the modeling technique are given elsewhere [15, 16] . Briefly, the particle and energy diffusivities were varied iteratively to match the n e and T e profiles while the separatrix location and recycling coefficient were constrained by the peak values of heat flux q^ and D α emission. 
Discussion
Previous work [18, 19] demonstrated that recycling declined continuously with additional lithium, though the cause remains unclear, as even the thinnest coatings were several times the ion implantation depth. It is well established that lithium reduces recycling by bonding deuterons, but it is unknown precisely how this process depends on lithium thickness and uniformity, or the precise roles of erosion, redeposition, passivation by deuterium and residual gases, or chemistry with carbon, oxygen, and/or other elements. Some of these issues and efforts underway to understand them were discussed in [19] .
Given the continuous reduction in recycling with increasing lithium coatings, a simple explanation for the continuous reduction in transport as ELMs were suppressed [16, 18, 19] could be a gradual shift in the peeling-ballooning boundary that limited growth of the transport barrier. However, this does not explain the improved confinement and evolution of the pedestal with additional lithium even after ELMs were suppressed and the pedestal was no longer limited by peeling-ballooning modes. Efforts are underway to determine what set the maximum pedestal width and height in the ELM-free regime, why it continued to grow with additional lithium after ELMs were suppressed, and to more completely explain the concurrent changes in recycling, ELM stability, transport, and pedestal structure due to lithium coatings in NSTX. 
